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INTRODUCTION
Carob (Ceratonia siliqua L.) is an angiosperm, leguminous and evergreen forest or semi forest tree belonging to the order Rosales, family Fabaceae (Leguminouceae) ( [1] , [2] ). It is native to the Mediterranean basin including NE Syria and is broadly cultivated in different parts of the worldwide.
Carob tree is well adapted to survive and grew under different environmental stress conditions in the Mediterranean region especially during long arid and dry summer ( [3] , [4] , [5] ). The use of carob tree in Syria has been increasing in recent years. It is used in reforestation of arid and degraded areas as well as for ornamental purposes since all its parts have value in several areas ( [4] , [6] ), especially Carob bods and seeds which used in food and pharmacological industry [7] . Moreover, the locust bean gum (E 410) extracted from the endosperm of Carob seeds is used widely in food and pharmaceutical industry ( [3] , [8] ).
Several authors investigated and characterized different selections of natural and cultivated carob trees in different Mediterranean countries depends on morphological characters ( [9] , [10] , [11] , [12] ) chemical contents ( [13] , [14] ) and genetic variation ( [1] , [9] , [10] , [15] , [16] ).
Morphological characters of pods and seeds are the most valuable and quantitative marker widely used to identify Carob varieties ( [4] , [17] ). Carob pods are characterized by a high sugar content (48-56%) ( [7] , [18] ), and is a good source of protein, fiber and minerals ( [14] , [19] ), the different rates of carob chemical composition are depending on the geographical origin, climate conditions and mainly on the genotype ( [3] , [11] ).
However, in spite of the great interest to carob and their use in different applications, only one unpublished molecular study included few accessions from a small part of NW-Latakia (Nasser et al., in press), and few ecological and propagation studies are available on Syrian carob ( [20] , [21] ). So that, an intensive investigation on Syrian carob is needed. Based on the above considerations, the aim of our study is to assess morphological characteristics and genetic variation of natural Syrian carob.
II. MATERIALS AND METHODS

A) Sampling and experimental method for morphological-and chemical analysis
Twenty-four carob accessions were chosen from various geographic sites of Syrian coast where they grow naturally. Altitude and latitude of every location of habitat were determined by GPS locator (Table 1). ISSN: 2394 -2568 www.internationaljournalssrg.org Page 71
B) Morphological parameters
One hundred pods were collected during the stage of maturity 2016 from different parts of each carob tree and the following parameters have been measured using an analytical digital balance and vernier caliper (weight, length, width, thickness, color, shape, texture and the number of seeds/pod). Pod width and thickness (cm) was assessed by taking the average of three measurements (top, middle, and bottom of pod). For seed characterization, 100 seed from the same ripe pods were collected and measured (Length, wide, thickness and seeds weight (1000 seed)).
C) Genetic analysis
For molecular analysis, total DNA was extracted from fresh leaves collected of each tree using CTAB methods [22] . Eighteen RAPD primers (VBC biotech -Germany) were used for screening all the accessions and revealing the genetic diversity ( Table 4 ).
The protocol for RAPD analysis was performed in a volume of 25-μl containing 2.5 mM MgCl2, 25 mM dNTPs, 10 µM primers, 15 ng template DNA and 1.5 units of Taq polymerase (VivantisMalaysia). The amplification reactions were performed in a Biometra (Flixe-gene -Germany) thermocycler and consisted of an initial 2 min denaturation step at 94°C, followed by 45 cycles of 30 sec at 94°C, 1 min at (32 -34)°C and 2 min at 72°C. A final extension of 10 min at 72°C completed the amplification. The PCR products were separated in 1.2% agarose gels. Gels were stained with ethidium bromide, visualized with a UV trans illuminator (CAMAG Reprostar3 -Switzerland).
D) Statistical Analysis
The morphological and molecular results were analyzed using the Numerical Taxonomy and Multivariate Analysis System (NTSYS) -version 2.02 [23] . Similarity index was estimated using the Jaccard's coefficients and the dendrograms were generated by the unweighted pair group method with an arithmetic mean (UPGMA). 
III. RESULTS AND DISCUSSION
A) Morphological characteristics
Results of morphological traits of carob pods and seeds (except pod color, texture and shape, seed color) are presented in Table 2 . The morphological characters related to the size of carob pods (length, width and thickness) are variable from one accession to another. The pod length varied between 12.87 cm (BA3) to 22.32 cm (SN1), width varied between 1.98 cm (SN3) to 3.12 cm (UT1), and thickness varies between 0.58 cm (WK2) to 1.26 cm (HA2). The bod weight was also varied between the accessions 8.99 g (BA3) to 26.33 g (SN1). The total number of seeds per pod varies between 8.26 (WK1 ) to 16.11 (DK1) . In addition to, the morphological characteristics of the seeds (length, width, thickness, weight) were also varied among the studied accessions. Values corresponding to the length, width, and thickness varied respectively 0.81 cm (GI1) to 1.14 cm (KR1), 0.62 cm (HA3) to 0.83 cm (BA1) , 0.37 (WK1, DK1 and DK3) to 0.46 cm (SN1 and GI3), and the 1000 seed weight was also varied between 178.12 g (UT3) to 278.33 g (SN1). ISSN: 2394 -2568 www.internationaljournalssrg.org Page 74
B) Genetic characteristics
The eighteen RAPD primers detected a total of 169 amplification bands, varying from 6 to 13 bands per primer, of which 105 were polymorphic (61.85%) (table. 4). The dendrogram based on UPGMA analysis of the genetic dissimilarity matrix (Figure 2) show that all the 24 accessions were clustered into two major groups. The first one consisted of ten accessions of which nine from Latakia and one accession from Alhaffah (Jiblaiah HA1, whereas the second represents 14 accessions (all Alkrdaha and Gablah accession, 5 accessions from Latakia and 2 from Alhaffah), each of the main groups could be further classified into two subgroups. 
IV. DISSCUSION
In the present study the morphological and genetic diversity of C. siliqua .L were assessed for wild carob trees geographically dispersed all over the Syrian coast. Both morphological and molecular methods generated enough polymorphism to discriminate the Syrian carob resulted in the separation of the 24 accessions into three groups (morphological data) and two groups (RAPD marker). The morphological characters of carob pods and seeds was used to assess genetic variation within different carob populations by several authors ( [4] , [24] , [25] ), most of the studied characters showed significant difference, the type and geographical origin of carob trees has been taken as the source of variation. Which is in contrast to our results revealed by morphological characters and supported by genetic analysis. Furthermore, the morphological differences between accessions from the same locality such as Alsanubar or Um Altueur accessions cannot be explained by environmental conditions, differences are primarily caused by genetic factors, which is confirmed by RAPD analysis.
Although different rates of correlation between the morphological and genetic similarities were observed, some accessions from the same locality (eg. HA2 and HA3) were separated in two distinct groups in morphological analysis and clustered together in the genetic analysis, while other accessions from different localities show high correlation between morphological and genetic analysis. These results agreed with those of [9] who found that some accessions from different localities (about 700 Km) were clustered together in the phylogenetic tree. The analysis of RAPD profiles revealed a high degree of genetic diversity within Syrian carob accessions. Overall, in most cases we note that morphological relationship between carob accessions are closely related to their molecular relationship. Several authors have found such high levels of morphological and genetic differentiation in different Mediterranean countries ([4] , [9] , [12] , [15] ). Our study detect no correlation between pod size and seeds number per pod in contrast with the results obtained by several authors ([4] , [6] , [9] [4] , and Croatian carob (11.05) [25] .
